For the histochemical demonstration of alkaline phosphatase, various methods such as azo dye method and cobalt calcium method have been employed. It has been difficult to check the precise localization of the enzyme on the tissue sections, because these reactions have been usually accompained with adsorption or diffusion of the reagents and the reaction products on tissues.
For the histochemical demonstration of alkaline phosphatase, various methods such as azo dye method and cobalt calcium method have been employed. It has been difficult to check the precise localization of the enzyme on the tissue sections, because these reactions have been usually accompained with adsorption or diffusion of the reagents and the reaction products on tissues.
We found a modified method by adding the high concentration of sodium chloride solution into the reagents mixture so that the precise localization could be obtained with minor diffusion and adsorption of the reagents and the products on the tissues.
The mechanism of protection against adsorption and diffusion of the reagents and the products seemed to be mainly due to the salting-out effect by the sodium chloride. But it was not decided yet whether this phenomenon was truly due to the protection against adsorption and diffusion of the reagents and the products or was due to the positional variation of the disturbance of the enzyme activity by sodium chloride in tissues or cells. We have therefore biochemically and histochemically tried to explain the mechanism of the salt reaction on the activity of alkaline phosphatase.
Methods and Results

A) Biochemical studies
To determine the degree of disturbance of the enzyme activity by sodium chloride, we measured the activites of alkaline phosphatase of rat kidney homogenated with the various concentration of sodium chloride under the same period of incubation, which was modifying the Bessey-Lowry's method for the serum alkaline phosphatase. This is shown in Tab. 1. The reaction mixtures were prepared by adding various concentration of 2.0 ml NaCl solution in place of distilled water, and the final concentration in the mixture were 0.8M, 1.67M, 2.5M, and 3.33M.
Under the certain incubation period and temperature, the enzyme activity in the medium with prescribed concentration of the sodium chloride, showed a proportional decrement to the increment of the concentration of soidum chloride.
In case of 0.83M, the dilutest one of these series, it was noted that no decrement was found, on the contrary, the slight activation of activity was obtained.
Tab.
Reaction mixture
The decrement of the activity by high concentration of sodium chloride was compensated by means of the prolongation of the incubation period to that of the control, which did not contain sodium chloride, for the reason of the proportional enzyme activity to the incubation period within a certain level. (Fig. 1) We had then studied the disturbance of the enzyme activity by sodium chloride in various concentrations of the enzyme under the condition of certain concentration of sodium chloride (3.33M). (Fig. 2) It seemed that the ratio of the disturbance to the enzyme activity was scarecely depending upon the concentration of the enzyme, and there was no evidence that the enzyme activity was intensely disturbed by sodium chloride, if the enzyme was extremely diluted.
The influence of the pH on the enzyme activity in the substrate mixture with high concentration of the sodium chloride (3.33M) was similar to that in the control: that is, in both cases, the optimal pH was 10.4. (Fig. 3 ). We tried to apply the biochemical findings of the alkaline phosphatase to the histochemical technic. The kidney and small intestine of the rat were used as experimental materials. To prepare the histochemical specimen, we applied our own freez substitution method, and acetone was used on the process to remove the paraffin of sections in place of alcohol, which made subsequently good maintenance of the enzyme activity shortening the incubating period. To clarify the influences of pH of the incubating medium in the cobalt calcium method, pH 10.4 of glycine-NaOH buffer, which was optimal in our biochemical study, was compaired with pH 9.6 of barbital buffer, which was used in the ordinary method. (Fig. 4 , 5, 6, 7) On the other hand, in the azo dye method, pH 10.2 of barbital buffer was empolyed instead of glycine NaOH buffer (pH 10.4), in case of which the diazo blue B showed rapid decomposition. (Fig. 8, 9 , 10, 11) In corresponding with the biochemical results, histochemical ones in these preparation were more sufficient at pH 10.4 in cobalt calcium method and at pH 10.2 in azo dye method than at pH 9.6, regardless of the NaCl contained in the reaction mixture. And so the reaction mixtures, shown on Tab. 2, 3 were used in the follwing experiments.
In the histochemical study, as in the biochemical study, high concentration of the sodium chloride in the reaction mixture, especially in the cobalt calcium method, made a fair disturbance on the enzyme activity, and it was compensated by making the incubation period longer.
But in the azo dye method using our procedure for the preparation of the tissue, the reaction was so strong in the short incubation time (5-30minuites) that the long period of incubation was not always necessary even if sodium chloride was added in the reaction mixture. As described above, the sodium chloride showed the disturbance on the enzyme activity. Beside this shortcoming, high concentration of the salt had histochemically the important effect to clarify and sharpen the distribution of the reaction products by the enzyme , as follows. By using any method on the proof of this enzyme, the kidney showed a intense reaction at the brush border of epitheilum of the principal portion.
In adding high concentration of this salt into the reaction mixture, the localization became more clear and sharp, especially in cobalt calcium method, so that the brush border showed the most defined structure by the reaction product.
( Fig. 13, 15 ) On the other hand, in the ordinal method without this salt, the reaction products spread out partially from the brush border. Especially in the azo dye method, beside the spreading out of reaction product, overall parts of tissue showed the brownish red color, and it seemed that this color mainly originated in the decomposed products of diazo blue B. (Fig. 12,14 ) These phenomena were also seen in the study of the intestine; that is, in any method that striated border of the epithelia of villus showed the intense reaction, and the cell body of epithelium under the striated border showed slight reaction, and by adding high concentration of the salt, more defined structure of the striated border was shown, especially in the cobalt calcium method.
( Fig. 16,17 )
Conclusion
The effect of the sodium chloride on the enzyme activity of alkaline phosphatase was studied both biochemically and histochemically. This salt in the reaction mixture showed a certain degree of the disturbance on the enzymatic activity under the high concentration, on the other hand it showed rather enhancement than disturbance under the dilute concentration.
The optimal pH of this enzyme was found at higher point in our studies than in comparison with the usual methods.
The most important effect of this salt was the influence on the histochemical localization of this enzyme ; by adding the high concentrated salt solution in the reagent mixture, the definite distribution of the reaction substance with diminished diffusion and adsorption was able to obtained.
On the other hand, the biochemical study revealed that the enzymatic activity was proportional to the enzyme concentration and was not remarkably disturbed by this salt even if in the extremely diluted.
And so, it might be thought that the histochemical reaction on the preparation under the high concentration of this salt was precise as to the localization and intensity of the alkaline phosphatase.
It seemed therefore that this effect in the histochemical preparation was mainly depending upon the salting-out effect of the sodium chloride. 
